Children in developing countries have continued to suffer morbidity and mortality arising from a few illnesses. This study was designed to examine the within and between spatial variations in childhood morbidity from cough, fever, and diarrhea among six West African countries in a manner that transcends geographical boundaries. Data from six countries including their geographical boundaries were obtained from Demographic and Health Surveys. The spatial modelling was through Bayesian models and appropriate prior distributions were assigned to the different parameters of the model. Parameter estimation was through integrated nested Laplace approximation. Results show similar significant spatial distributions for the three illnesses, and they demonstrate that children in Benin Republic and Mali are less likely to suffer from these illnesses, whereas higher likelihood were obtained in the case of Cote d'Ivoire, Burkina Faso, Togo, and some parts of Ghana. The nonlinear effects of child's age show that the risks of contracting the illnesses peak among children aged 10-14 months while, as the mothers advance in age, their children have reduced risks. Breastfeeding and a woman's working status and education are among the significant factors that either aggravate or prevent these illnesses in the West African countries. The results pinpointed regions of the West African countries with high and low risks of the illnesses, and this would enhance intervention strategies of policy makers and international donors in the subregion.
INTRODUCTION
The world has been accelerating progress in reducing under-5 mortality rate. Sub-Saharan African countries also registered remarkable decline since year 2000, but this progress was insufficient to reach the Millennium Development Goal (MDG 4) target of a two-third reduction in under-5 mortality rate by year 2015, and is unlikely, in the present state, to attain the sustainable development goal target of a neonatal mortality rate of 12 deaths per 1000 live birth by 2030. West African countries have been identified as the major contributors to child mortality in sub-Saharan Africa, recording more than double the case recorded in southern or northern Africa [1, 2] . Apart from malnutrition, leading causes of death among young children in Africa, like in most developing countries, have been identified to include preterm birth complications, malaria and non-malaria febrile, pneumonia, birth asphyxia, HIV/AIDS, and diarrhea [3, 4] .
Cough and breathing difficulty, usually caused by infectious agents including viruses and bacteria, are common issues faced by young children throughout Africa. Breastfed children with cough or cold may have difficulties in feeding; however, exclusive breastfeeding and adequate complimentary feeding are prescribed among the means of protecting against the occurrence [5] . Fever can also be caused by many infections and the proportion of fever attributed to malaria is usually high, ranging from 30% to 60% [6] . More than 60% of outpatient hospital visits in Nigeria, for instance, are a result of malaria/non-malaria febrile [7] . On the other hand, diarrhea, an infection-malnutrition link childhood disease, is described to be responsible for up to 80% of childhood growth retardation [8] . Both fever and diarrhea have been found to be inversely related to stunting and underweight among Malawian children [9] .
It is evident that most diseases are spatially structured because individuals living in a geographical location are likely to behave in a similar manner that can either enhance or inhibit their well-being. Policy makers would therefore want to understand the geographical distributions of diseases rather than just the prevalence. Although most survey reports provide disease prevalence across different geographical locations, which could shed light on the spread across space, estimates from these reports may not be too reliable as they depend entirely on sample sizes taken from different locations and the effects of other contributory factors have not been accounted for. Model-based estimation of the distributions across space offers more reliable results as the procedures involve mechanisms that borrow strength from neighboring locations in the estimation process thereby yielding more reliable estimates [10] .
There have been extensive discussions in the literature on the determinants and spatial distributions of childhood illnesses including fever, pneumonia, diarrhea, malaria, and anemia in most sub-Saharan African countries [4, 5, [11] [12] [13] , and all the studies confirm the earlier submission of Kalipeni [14] that the geographic location where a child lives sets the context for child morbidity and mortality. However, all the studies cited above have been based on country-specific analysis. The distribution of the risk of anemia in preschool children after adjusting for nutritional status, parasitic infections, and other individual variables have been considered based on pooled data from three West African countries, namely: Burkina Faso, Mali, and Ghana [15] . The present study takes advantage of the geo-reference data provided by the Demographic and Health Surveys (DHS) to map the distribution of childhood illnesses in multiple West African countries. The DHS are nationally representative household surveys that employ stratified sampling procedures to collect accurate and representative data on population indicators, health, HIV, and nutrition particularly for women and children under 5 years, in most developing countries across the world at about 5 years interval. The survey utilizes mechanisms and procedures to ensure that the data collected are comparable across different geographical locations and over time [16] . Specifically, we investigate, in a manner that transcends geographical boundaries, the spatial distributions and determinants of fever, cough, and diarrhea in six neighboring West African countries, namely: Benin, Ghana, Togo, Ivory Coast, Burkina Faso, and Mali. We adopt structured additive regression analysis; an approach that allows to consider nonlinear effects of continuous variables, structured and unstructured random effects, and the usual linear effects in a single modelling framework [17] . With this methodology, we were able to discern not only the geographical distributions of the illnesses but also the detailed functional relationships between the diseases and continuous variables including child's and mother's age.
MATERIALS AND METHODS

Data
The study utilizes data from DHS conducted in the six West African countries between 2010 and 2014. The data utilized were from the most recent surveys conducted in each country as at the time of this study. The DHS Program has, over the years, provided technical assistance on surveys in several developing countries, thereby advancing global understanding of health and population trends. DHS has developed standard procedures, methodologies, and manuals to guide the survey processes and to ensure that the data not only properly reflect the situations they are intended to describe, but are also comparable across countries and over time. The primary sampling units are usually defined on the basis of enumeration areas from the Census frames of the country to be surveyed. DHS samples are usually selected using two-or threestage stratified design. Information are collected from all women aged 15-49 years present at the selected households as well as on all children younger than 5 years of age. The data were retrieved for each country after approval had been given by the DHS Program.
West African countries included in the study and the years of survey are as follows: Benin (2011-2012), Burkina Faso (2010), Ivory Coast (2011-2012), Ghana (2014), Mali (2012-2013), and Togo (2013-2014). In the case of Mali, three regions, namely: Tombouctou, Gao, and Kidal, were not covered during the surveys and were therefore excluded. The choice of countries is for reasons that they share common boundary, which is a requirement for the spatial modelling technique; they have surveys conducted at relatively close periods; and they have comparable sample sizes. Although the surveys are usually conducted at about 5 years interval, the period in which they are conducted differ from country to country leading to time misalignment for the data set used for this study. We, however, considered the period between 2010 and 2014 over which the data were collected to be relatively short and thus assumed that period effect on the prevalence of the diseases would be minimal. On the basis of a careful review of similar studies conducted in Nigeria and Malawi [11] [12] [13] , the demographic variables that were considered include mother's age, child's age, type of place of residence, child's birth order and gender, mother's educational attainment and working status, household wealth index, electricity in household, toilet facility, water source, exposure to media (newspaper, radio, and television; whether or not the mother was exposed to each of these at least once a week), and whether or not the child was being breastfed. The regions, being the spatial unit of analysis, were geo-referenced.
Statistical Analysis
Assume that y i is a binary random variable that indicates whether or not child i suffers from each of the diseases being considered (cough, fever, or diarrhea), and this is available for n number of children, that is i = 1, …, n. Then y i is said to have a binomial distribution with parameters p i , the probability of success, taken to be the proportion of children that suffer from an illness, and n, the number of children. Assume further that a set of explanatory variables denoted by x 1 , …, x k is available. To model the binary response variable conditional on the covariates, binary logistic regression with logit link function within the framework of generalized linear model is usually considered. The logistic model is given by (Equation (1)
where η i is the model predictor, b 0 is the regression constant term, b k is the regression coefficient for the kth explanatory variable. Suppose that among the explanatory variables, there are metrical variables such as mother's and child's ages (z 1 and z 2 ) for our present case study, whose effects cannot apriori be described in simple functional forms and thus the desire is to use nonparametric procedure. Also available is the geo-referenced location of residence of each child described in discrete form, s i . These variables can be jointly estimated through the instrumentality of the concept of structured additive regression model [18] .
The logistic model in Equation (1) is then extended to capture the different types of variables at once through the structured additive model defined as (Equation (2)):
where f 1 , …, f p are nonlinear functions assumed for the metrical covariates and f s is the nonlinear spatial effect of the discrete spatial covariates. Bayesian approach is the common approach of estimating parameters of the structured additive model, where the parameters and functions are considered to be random variables and prior distributions are assigned to them.
For the linear parameters, we considered independent diffuse priors that ensured the parameters are estimated similar to the classical linear regression approach. For the smooth functions, Bayesian versions of penalized-spline, commonly called p-spline, prior proposed by Lang and Brezger [19] was utilized. The prior enables the function to be estimated in a nonparametric form as a linear combination of basis function (B-spline):
where B j (z) are basis functions and the coefficients b j correspond to the vector of unknown regression coefficients. The b j are further defined to follow a second-order Gaussian random walk
with independent and identically distributed errors u t ~ N(0, t 2 ) whose variance, t 2 , controls the smoothness of the B-spline function. The variance is jointly estimated with the B-spline function coefficients but with a weakly informative inverse Gamma prior t 2 ~ IG(a, b) assigned. For the spatial component, a common approach in spatial statistics is to adopt a Gaussian Markov random field prior [20] . It is given as
where N s is the number of adjacent regions and t ∈ ∂ s denotes that region t is a neighbor of region s. Again t 2 controls the amount of spatial smoothness.
The posterior distribution for model of this nature is intractable, consequently, inference in this study was based on Integrated Nested Laplace Approximations (INLA) as implemented in R-INLA, a packaged built within the R statistical package for approximating complex Bayesian models [21] . Further details on structured additive regression models and other different parameters that can be accommodated including the estimation procedure can be found in Fahrmeir et al. [18] . Results of the spatial effects for cough, fever, and diarrhea are presented in Figures 1-3 spatial patterns that affirm the presence of strong spatial structures that transcend geographical boundaries of the countries under consideration. The Estimates for the nonlinear effects of child's age and mother's age for the three illnesses are presented in Figure 4a -f, which presents the posterior means (middle lines) and 95% credible intervals. Findings show identical patterns for all the three illnesses under consideration, for both mother's and child's ages. The results demonstrate an inverted 'U' relationships between child's age and each of the three illnesses, signifying that the likelihood of suffering from any of cough, fever, or diarrhea in the West African countries increases as a child grows older to peak between ages 10 and 14 months from where it drastically drops as the child further advances in age. As for mother's age, the results show that as a mother advances in age, the likelihood that her child would suffer from the illnesses reduces accordingly. The patterns are consistent for all the illnesses, just like for child's age.
RESULTS
Findings for the categorical variables that were estimated as linear effects are presented in Table 2 . The table shows the posterior odds ratio and 95% credible intervals for each illness. Findings reveal that when compared with rural areas, the odds that a child living in an urban area would have cough, fever, or diarrhea were not significant.
Children whose mothers attained primary level of education have higher odds in the case of cough and diarrhea, whereas higher level of education translates to significantly lower odds for fever. The results show lower odds for fever in the case of children living in households with improved toilet facilities, whereas estimates for cough and diarrhea are not significant. Children whose mothers listen to radio at least once a week have lower odds of contracting diarrhea, but those whose mothers watch television have higher odds for fever and cough.
Estimates based on electricity are not significant for any illness.
The working status of the mothers shows, surprisingly, that the children whose mothers were working had higher odds for the three illnesses compared with children of non-working mothers and the estimates are significant. Children of fourth or higher birth order were significantly more likely to suffer from diarrhea but the other estimates on birth order are not significant. Similar findings were obtained for gender, showing that female children were significantly less likely to contract diarrhea. As expected, for the three illnesses, children who were being currently breastfed have lower odds of contracting any of the illnesses.
DISCUSSION
This study adopts structured additive regression modelling technique to elucidate the spatial patterns and determinants of common childhood illnesses, pooling data from six neighboring West African countries. The results show that the illnesses, namely, cough, fever, and diarrhea, are spatially structured, displaying similar patterns across the countries under consideration. The reasons for the strong spatial structure of the illnesses are not revealed by this study; however, previous studies have postulated vast inequality in effective coverage of essential health interventions within the countries and poor sanitation, with widespread open defecation taking place in both rural and urban centers of most of the countries, to be the obvious causes of morbidity among children [22, 23] . For instance, poor sanitation in Ghana has been driven by bad attitude and perception toward sanitation and extensive utilization of shared and public toilets; however, several recent reforms and programs have been put in place to ensure accelerated improvements in water and sanitation in every part of the country [24] . However, in Ivory Coast, although 91.5% of the urban population can access improved drinking water, improved sanitation is only available to 31.7% of the people and the country faced an increase in urbanization leading to informal and sprawling settlements, which further confound the sanitation conditions [25] . Similar alarming situation has been reported in the case of Mali but a community-led total sanitation program has helped to improve the situation in the country [26, 27] . The identification of regions of the West African countries with high and low risks of the illnesses would enhance intervention strategies of policy makers and donors in the subregion, who are aiming at saving the lives of the young children.
Findings on child's age conform to other studies in Africa and point to the influence of breastfeeding that younger children take from their mothers and thus, share directly from their mothers' immunity [11] [12] [13] . Of particular interest here is the finding that shows high risks of the illnesses among children around aged 10-14 months. Early weaning and missed immunization have been found to increase the incidence of diarrhea and other childhood illnesses among children aged 1 year or younger [28] [29] [30] . Breast milk contains many immunological properties that protect against many infections. Children who are weaned early suffer from increased risks due to contamination from bottles or other objects used by the caregivers to nourish the young child [28, 31, 32] . More publicity that will encourage women to adhere to the WHO recommended 6 months of exclusive breastfeeding coupled with sustained and continued breastfeeding for longer periods thereafter would therefore provide more benefits to the children, more so that the results of the categorical variables from our analysis show that children receiving breast milk have lower risks of suffering from any of the illnesses. The observed low risks of the three illnesses among children of older women could be attributed to more experience on child care practices and disease prevention that would have come from previous births and child care [33] [34] [35] . The findings therefore strengthen the call for more attention to be given to younger women on child care and disease prevention strategies.
The findings on educational level of the mothers are expected as educated women would be able to adequately utilize their knowledge for the basic care of their households and to know how to take full advantage of available healthcare system for their benefits. They would also be able to express themselves clearly to health practitioners than a less educated woman would do. A previous study on Nigeria has shown that household structure and composition have significant effects on fever among young children, as evident from the findings on improved toilet facilities on fever in this study [4] . Whereas the results on television may be unexpected as messages on healthy lifestyle are disseminated through all available mass media throughout the countries, radio has more coverage than the other media because it is easily accessible to individuals in the interior areas and is easily carried along to places. The lack of significant effect of watching television could be due to the fact that more time is devoted to watching home videos and movies for pleasure than listening to messages on health issues that could benefit the entire household. When properly explored for message dissemination, radio can be more promising in reaching majority of the women, particularly the uneducated. Although one may expect that working women would have the resources to take good care of their children, these women often have less time for the welfare of their children including adequate breastfeeding because of the demands of their jobs. In most cases, the care of the young children is left in the hands of nannies or housemaids who may have little understanding of child care practices and thus, exposing the young children to high risks of diseases and malnutrition [36] .
This study is not without some limitations. First, we were unable to make inference about causal effects for our findings due to the fact that our data come from cross-sectional survey. Second, the illnesses considered were obtained by asking the mothers to state if the child suffered from a symptom of each illness in the two weeks prior to the survey. Thus, the outcomes are subject to the ability of the mothers, some of whom are illiterate, to understand the symptom being described or their willingness to reveal the true state even when they understood. Thus, issues of underreporting cannot be ruled out. Further, the units used for spatial analysis in the study are the region of residence of the children, which are naturally composed of several smaller geographical dwelling units and thus, within region variations can be expected. A further analysis at more disaggregated smaller units could reveal local variations. It could have also been better if the data sets for all the countries were collected at the same time as this would remove all doubts about period effects, but this is not the case as these countries often depend on donor agencies to assist in conducting national surveys. Notwithstanding these limitations, the DHS data provide national coverage of the illnesses considered and are comparable across space and time thus remain the most viable option for studies of this nature.
CONCLUSION
The study on geographical variations in childhood morbidity in a region with adverse child health indicators is an effort in the right direction as it has pinpointed areas needing more attention among the West African countries considered. Governments of each country needs to consider identifying remote causes of high incidence of each of the illnesses in regions with higher likelihood of occurrence while at the same time, sustain the measures that results on the lower likelihoods in the other regions. Intensified health education on the benefits of sustained breastfeeding needs to be provided to all women while working-women should be encouraged to give more time to the care of their young children.
